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During t h e  l a s t  semi-annual per iod ,  t h e  r e s e a r c h  work 
connected wi th  Grant NAG5-287 from t h e  Nat iona l  Aeronaut ics  and 
Space Adminis t ra t ion has been t o  c a r r y  out  two p r o j e c t s  i n  
conjunct ion wi th  t h e  I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer 
S a t e l l i t e .  These are:  
H2+ quasi-molecular absorpt ion f ea tu res  a t  hhl600 and 1400 i n  t h e  
u l t r a v i o l e t  s p e c t r a  of t h e  hydrogen-rich DA whi te  dwarfs  and t o  
search  f o r  a d d i t i o n a l  spectroscopic  f e a t u r e s  i n  t h e  s p e c t r a  of 
t h e s e  stars,  and ( 2 )  use  t h e  u l t r a v i o l e t  p o r t i o n  of t h e  spectrum of 
t h e  p e c u l i a r  rare ea r th - r i ch  l a t e  F t ype  s t a r ,  HR6560 (HD159870), 
t o  e s t a b l i s h  whether o r  not  t h e  element abundance anomalies are 
produced i n  conjunctio'n with i t s  having a white  dwarf b ina ry  
companion. The data show t h a t  HR6560 i s  probably no t  a s s o c i a t e d  
with any hot  subluminous o r  degenerate s t a r .  
(1) t o  study t h e  p r o p e r t i e s  of  t h e  H 2  and 
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INTRODUCTION 
The purpose of t h e  DA white dwarf research  being repor ted  here  
has been t o  complete sys temat ic  observa t ions  of t h e  u l t r a v i o l e t  
s p e c t r a  of t h e  hydrogen-rich DA w h i t e  dwarfs w i t h  the  
International Ultraviolet E x p l o r e r  ( I U E )  . T h i s  was o r i g i n a l l y  
proposed a s  a fol low up on thw work repor ted  i n  Nelan and Wegner 
(1985) t h a t  t h e  s t r o n g  found near hh1600 and 1400 i n  t h e  s p e c t r a  of 
t h e  coo le r  examples of t h e  DA whited dwarfs a r e  absorp t ions  
produced by t h e  H2 and H2' quasi-molecules. The observat ions of 
a d d i t i o n a l  DA white dwarfs progressed w e l l  and were completed 
dur ing  t h e  pe r iod  recovered by t h i s  r epor t  and t h e  new observa t ions  
obta ined  w i t h  t h e  I U E  under  t h e  auspices  of NASA Grant NAG5-287 
a r e  summarized i n  Table I .  
Observations of t h e  u l t r a v i o l e t  spectrum of t h e  p e c u l i a r  s t a r  
HR6560 (HD159870) were a l s o  completed.  These along w i t h  
measurements of t h e  comparison s t a r ,  HD141004 a r e  summarized i n  
Table 2 .  The o p t i c a l  spec t r a  of HR6560, s tud ied  i n  co l l abora t ion  
w i t h  C .  R .  Cowley who had obtained ground based s p e c t r a  of t h e  
o b j e c t ,  showed t h a t  t h i s  s t a r  was of l a t e  s p e c t r a l  type ,  about F8, 
but  has  a spectrum r i c h  i n  r a r e  e a r t h  l i n e s ,  s i m i l a r  t o  t h e  Ap 
s t a r s .  One then asks  t h e  question a s  t o  whether t h e  abundance 
anomalies a r e  due t o  i n t r i n s i c  s t e l l a r  phenomena o r  a r i s e  from 
m a t e r i a l  from an evolved s t a r  being dumped onto t h e  ou te r  l a y e r s  of 
HR6560 a s  i n  some o b j e c t s ,  e.g. t h e  barium s t a r s .  
... 
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11. OBSERVATIONAL RESULTS 
The IUE u l t r a v i o l e t  s p e c t r a  of t h e  DA white dwarfs have 
continued t o  reveal t h e  presence of t h e  n l 6 0 0  and 1400 absorp t ions  
i n  the coo le r  examples of t h i s  class of stars. Some of t he  newer 
s p e c t r a  are shown i n  Figure 1 where t h e  spectra of t h e  stars are 
arranged approximately i n  order  of e f f e c t i v e  temperature  according 
t o  ( B - V ) .  There it can be seen t h a t  t h e  u l t r a v i o l e t  abso rp t ions  
are f a i r l y  ubiqui tous  i n  the spec tyra  of t he  DA white dwarfs and 
tha t  there is a marked temperature dependance. 
A t  p re sen t ,  p rog res s  i s  being made towards sys t ema t i ca l ly  
modelling a l l  of t h e  DA spec t r a  obtained for t h i s  p r o j e c t  
c o l l a b o r a t i v e l y  w i t h  D r .  E.  P. Nelan of the  Computer Sciences 
Corporation a t  the Space Telescope Science I n s t i t u t e .  Earlier work 
on model atmospheres and the subsequent f i t t i n g  of t h e  s p e c t r a  of a 
f e w  objects has been described i n  previous reports and i n  Nelan and 
Wegner (1985).  B r i e f l y ,  t h i s  work makes u s e  of a computer code 
s p e c i f i c a l l y  developed by Nelan t o  s tudy  w h i t e  dwarf atmospheres 
and employs t h e  absorp t ion  c o e f f i c i e n t s  der ived by Sando & 
Wormhoudt (1973) and Stewart ,  Peek, and Cooper (1973) t o  model t h e  
u l t r a v i o l e t  quasi-molecular f ea tu re s  near  n l 6 0 0  and  1400. T h i s  
work should be completed during t h e  upcoming year  of 1987. One of 
t h e  primary ques t ions  t o  be answered is whether or not t h e  
u l t r a v i o l e t  absorp t ions  def ine a simple seqquence t h a t  only depends 
on t h e  temperature  of t h e  s t a r .  
The u l t r a v i o l e t  p o r t i o n  of the  continuum s p e c t r a l  energy 
d i s t r i b u t i o n  of HR6560 i s  shown i n  Figure 2 .  This  is based on t h e  
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r e c e n t l y  obta ined  low re so lu t ion  LWP and SWP images. I t  i s  p o s s i b l e  
t o  compare t h i s  with t h e  images of t h e  GO s t a r  H D 1 4 1 0 0 4  used f o r  
comparison and with o the r  s t a r s  of s p e c t r a l  type i n  t h e  range FO t o  
G O ,  publ ished i n  t h e  IUE U l t r a v i o l e t  S p e c t r a l  A t l a s  by Wu e t  
a l .  (1983) .  The over lap  i n  t h e  LWP and SWP s p e c t r a  a r e  not  
p a r t i c u l a r l y  good f o r  HR6560, but from t h i s ,  it can be seen t h a t  
t h e  energy d i s t r i b u t i o n  of HR6560 matches well  w i t h  o b j e c t s  of 
s p e c t r a l  c l a s s  near  F8. This i s  somewhat h o t t e r  than  t h e  s p e c t r a l  
type of F8 determined by Cowley ( 1 9 7 6 )  and Cowley & Bidelman 
( 1 9 7 9 ) ,  but  c e r t a i n l y  within t h e  range admissible  a s  t h e  spectrum 
of t h e  o b j e c t  i s  complicated b y  t h e  presence of r a r e  e a r t h  l i n e s  
and has  l e d  t o  somewhat d i f f e r e n t  poss ib l e  hypotheses about t h e i r  
formation.  With t h e  present  data,  it appears t h a t  HR6560 i s  not a 
composite o b j e c t  w i t h  a hot subluminous companion. The absence of 
t h i s  companion w i l l  have important impl ica t ions  on t h e  o r i g i n  of 
i t s  p e c u l i a r  m e t a l l i c  l i n e  spectrum. With t h e  p r e s e n t l y  a v a i l a b l e  
information,  a cause i n t r i n s i c  t o  t h e  s t a r  i t se l f  seems a more 
l i k e l y  explana t ion .  
111. CONCLUSIONS 
During t h e  las t  ha l f  of 1 9 8 6 ,  work has continued t o  be 
conducted on white dwarf s t a r s .  The bas i c  r e s u l t s  of t hese  
i n v e s t i g a t i o n s  can be summarized b r i e f l y  a s  fo l lows:  
1) Observations have been completed on t h e  cool  DA w h i t e  
dwarfs and they  a l l  show t h e  presence of t h e  hh1400 and 1600  
a b s o r p t i o n s .  
,. 
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2 )  T h e  u l t r a v i o l e t  spectrum of t h e  pecu l i a r  l a t e  F type  
metall ic l i n e  star H R 6 5 6 0  do no t  s h o w  any evidence f o r  t h e  presence 
of a hot  subluminous c o m p a n i o n .  
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Tab le  I 
DA White D w a r f s  O b s e r v e d  w i t h  IUE under  t h e  auspices of G r a n t  
NAG5-287 
( O c t o b e r  1, 1985 - A p r i l  30, 1986) 
White D w a r f  D a t e  of I U E  Image 
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N o v .  22, 1985 
N o v .  22, 1985 
N o v .  22, 1985 
N o v .  2 2 ,  1985 
N o v .  23 ,  1985 
N o v .  23, 1985 
N o v .  23, 1985 
N o v .  23 ,  1986 
A p r .  16, 1986 
A p r .  16, 1986 
A p r .  16, 1986 
A p r .  16, 1986 
A p r .  16, 1986 
A p r .  17, 1986 
A p r .  17, 1986 
A p r .  17, 1986 
A p r .  17, 1986 
SWP27161 
LWP7171 


































IUE Observations Obtained of HR6560 and Associated Objects for 
Grant NAG5-287 
(October 1, 1985 - April 30, 1986) 
Date of IUE Image Spectral Res. 
Star Observation No. Type Model 
HD15 98 70 Nov. 23, 1985 LWP7173 F8 Low 
HD15 9870 Nov. 23, 1985 SWP27164 F8 Low 
HD15 98 70 Nov. 23, 1985 LWP7174 F8 High 
HD15 98 7 0 Nov. 23, 1985 SWP27165 F8 L o w  
HD141004 April 1’7, 1985 SWP28187 GO Low 
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